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Available online 27 June 2007AbstractVariations of cloud amount and radiative fluxes are a matter of discussion related to the recent climate change in the Arctic and
Antarctic. It is also of great concern related to ‘‘from dimming to brightening’’ recently found. Discussions based on satellite data
had been conducted; however, no solid results are obtained from the surface station data for a long term in the recent.
At Syowa Station, Antarctica, meteorological observation has been continued for nearly 50 years. During this term, an annual
mean cloud amount showed a gradual increase at a rate of 0.014/yr. Radiation budget was observed since 1991 as one of the BSRN
stations. Trends of monthly mean radiative fluxes were compared with those of cloud amount and conformable relations were seen
during the period from 1991 to 2004. A cloud radiative forcing was estimated. In December, a downward trend in net longwave and
net total appeared, while an upward trend in net shortwave was seen, and all corresponded to the decrease of cloud amount in this
month. On the other hand in June, an upward trend in net longwave forcing was seen, corresponding to the increase of cloud
amount. On an average, cloud radiative forcings at Syowa Station represented those of Antarctic costal stations near sea ice area.
 2007 Elsevier B.V. and NIPR. All rights reserved.
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Clouds have a strong influence on climate as a com-
ponent of water cycle and through radiation budget.
Variations of cloud amount and radiative fluxes are
a matter of discussion related to the recent climate* Corresponding author. National Institute of Polar Research,
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doi:10.1016/j.polar.2007.04.001change in the Arctic and Antarctic (Stone, 1997; Dutton
et al., 1991; Neff, 1999). It is also of great concern re-
lated to the change in solar radiation at the Earth’s sur-
face, ‘‘Global Dimming and Brightening’’ (Stanhill and
Cohen, 1997, 2001; Wild et al., 2005). At first, from the
data up to 1990, a decreasing trend in the global solar
radiation was found and called ‘‘global dimming’’
(Stanhill and Cohen, 2001). However, recently, looking
through the data in 1990s, reversal of solar radiation was
found and named ‘‘global brightening’’ (Wild et al.,
2005). Discussions based on model calculation and
satellite data had been conducted for a wide areareserved.
18 T. Yamanouchi, Y. Shudou / Polar Science 1 (2007) 17e23(Wang and Key, 2003, 2005; Pavolonis and Key, 2003);
however, no solid results for long range trends are
obtained from the surface station data till recent years.
At Japanese Antarctic station Syowa (69000S,
39350E), meteorological observation has been contin-
ued for nearly 50 years since 1957. Also, radiation bud-
get was observed since 1991 by one of the Baseline
Surface Radiation Network (BSRN) stations. Using
these data, trends in cloud amount and radiative fluxes
at the surface were examined and cloud radiative forcing
was derived.
2. Data
Data of cloud amounts and other meteorological pa-
rameters were obtained from the data reports from
Japan Meteorological Agency (eg., JMA, 2006). Daily
values of cloud amount were compiled and compared
with daily radiative fluxes to derive cloud radiative forc-
ing. Since the cloud amount was only measured by
‘‘visual observation’’, reliability of data could not be so
high, especially in polar regions due to their long polar
night (Curry et al., 1996). As a BSRN (Ohmura et al.,
1998) station, downward shortwave and longwave radi-
ations were started to measure in 1991; however, up-
ward radiation measurements were started only in
1998 (Kishi et al., 2002).
3. Variation of clouds
Fig. 1 shows a variation of annual mean cloud
amount (in tenth) at Syowa Station from the beginningCl
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Fig. 1. Variation of annual mean cloud amount at Syowa Station,
1957e2004.of the observation. During these years, the annual mean
cloud amount showed a gradual increase at a rate of
0.014 0.006/yr (Fig. 1) with a confidence level of
95% or high (by t-test) with an average of 6.84. This
trend amounts to 10% increase during these 50 years.
Monthly cloud amounts also showed tendencies of in-
crease in all months except March in spite of large
variability.
Seeking a cause of this increasing trend of cloud
amount, variations of several meteorological parame-
ters are compared in Fig. 2. A surface air temperature
showed no obvious trend in annual mean, only
0.08 C/decade (also Sato and Hirasawa, 2007; Turner
et al., 2005), although quite a large increase about
0.3 C/decade was seen for winter months (JJA). An an-
nual mean sea level pressure showed a slight decrease of
0.21 hPa/decade, while an annual mean wind speed
showed a slight increase of 0.22 m/s/decade. Both
trends suggested some change in atmospheric circula-
tion field, such as more frequent approach of low pres-
sure system and so on. However, we cannot have any
further discussion at present and the topic is to be a fu-
ture subject. As for sea ice, no overall trend was found
in an annual mean sea ice extent for the Indian Ocean
sector (20e90E) during 1978 and 2004 from National
Snow and Ice Data Center (NSIDC) sea ice area data, or
in an ice edge location (latitude) along 40E longitude
read from the National Ice Center (NIC) sea ice charts
from 1973 to 2006 (Ushio, 2006). Finally, relation
with the Antarctic Oscillation (AAO) was examined.
The AAO is originally defined as a sea saw of the sur-
face pressure between the middle and high latitude,
and is an important topic of climate in the Southern
Hemisphere, just as an analogy of the Arctic Oscillation
(AO) in the Northern Hemisphere. Positive values of
the AAO index indicate the phase of low pressure
over the Antarctic and high pressure in the middle lati-
tude region (Sato and Hirasawa, 2007). A year-to-year
variation of AAO index (Fig. 3) had a large variability
and no apparent trend was seen, only slight increase,
0.07/decade, during 1979 and 2006 (http://
www.cpc.noaa.gov). No correlation was seen between
cloud amount and AAO index (Fig. 3b). Sato and Hira-
sawa (2007) reported a clear negative correlation
between a surface pressure at Syowa Station and
AAO index.
A global solar radiation was also measured as one of
the meteorological parameters since the early stage of
surface meteorological observation, before BSRN
was established afterwards. Fig. 4 indicates these data
with only a slight decrease (0.02 W/m2/yr) but
insignificant.
Te
m
pe
ra
tu
re
 (°
C)
Year
Pr
es
su
re
  (h
Pa
)
Year
W
in
d 
sp
ee
d 
(m
/s)
Year
Wind speed Sea ice extent
Pressure
Temperature(a) (b)
(d)(c)
Ic
e 
ex
te
nt
  (x
10
**6
 km
**2
)
Year
0
-2
-4
-6
-8
-10
-12
-14
8
7
6
5
4
3
2
1
0
1955 1965 1975 1985 1995 2005
1955 1965 1975 1985 1995 2005 1955
995
990
985
980
975
2.5
2
1.5
1
0.5
0
1965 1975 1985 1995 2005
1975 1980 1985 1990 1995 2000 2005
Fig. 2. Annual mean surface air temperature (a), sea level pressure (b), wind speed (c) at Syowa Station, 1957e2004, and sea ice extent for the
Indian Ocean sector (20e90E), 1978e2004 (d).
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Fig. 3. Annual mean AAO index and cloud amount (a), and cloud amount versus AAO index (b).
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Fig. 4. Annual mean global solar radiation at Syowa Station, 1967e
2004.
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Despite the gradual increase of annual mean cloud
amount during 1957 and 2004, no clear trend was found
for the mean cloud amount during 1991 and 2004 within
a confidence level of 95% or high by the t-test (Fig. 5),
when radiation budget measurement was conducted. In
this term, both global solar radiation and downward
longwave radiation showed decreases (0.28 and
0.21 W/m2/yr, respectively) as in Fig. 5b but insignif-
icant. However, clouds in summer showed a decrease
though insignificant from the t-test within 95% confi-
dence level, and clouds in winter showed clear increase10
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Fig. 5. Annual mean cloud amount (a) and radiatiwithin 95% confidence level (Figs. 6 and 7). Trends of
monthly mean radiative fluxes were compared with
those of cloud amount and conformable relations were
seen (Figs. 6b and 7b). Fig. 6 shows a comparison in
December when monthly mean cloud amount de-
creased, global solar radiation increased and downward
longwave radiation decreased. Fig. 7 is a comparison in
June, when monthly mean cloud amount increased and
downward longwave radiation increased.
A radiative impact of cloud, cloud radiative forcing,
was estimated. Cloud radiative forcing was estimated
from the regression analysis made between cloud
amount and radiative fluxes. The estimation was only
possible in 1998e2004. In December, a downward
trend in net longwave and net total appeared, while an
upward trend in net shortwave was seen, and all cor-
responded to the decrease of cloud amount in this
month, which was significant (Fig. 8). Even in Decem-
ber, net total cloud forcing was small positive (heating)
in the beginning of this term, and changed to a small
negative (cooling) in the latter half of the term. Cooling
by the shortwave forcing became predominant. On the
other hand in June, basically cloud forcing was heating
by the longwave, an upward trend in net longwave forc-
ing was seen, corresponding to the increase of cloud
amount, which was insignificant with 95% confidence
level (Fig. 9).
Absolute amounts of cloud effect were discussed.
Net shortwave, net longwave and net total cloud forcing
were32.1 8.9, 34.3 9.3 and0.6 9.4 W/m2, re-
spectively, in December and net longwave cloud forcing
in June was 38.5 11.1 W/m2 (Figs. 8 and 9). Cloud
radiative forcings at Syowa Station obtained forR
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Fig. 6. Monthly mean cloud amount (a) and radiation fluxes (b) at Syowa Station, December 1991e2004.
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similar to the present results, net shortwave, net long-
wave and net total cloud forcing were 40.8, 43.6 and
2.8 W/m2, respectively, in January and net longwave
cloud forcing in July was 14.2 W/m2. Cloud radiative
forcings at Mizuho Station (2230 m a.s.l.) obtained in
December 1979 were 7.2, 12.0 and 4.8 W/m2 for net
shortwave, net longwave and net total, respectively,
which were quite smaller than the present results at
Syowa due to small cloud amount (monthly mean
4.2), high albedo and higher altitude at Mizuho Station
(Yamanouchi et al., 1981; Yamanouchi, 1983; Yama-
nouchi and Kawaguchi, 1984). These values at Mizuho
were rather similar to the results at Dome ConcordiaCl
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Fig. 7. Monthly mean cloud amount (a) and radiation(3300 m a.s.l.) and values at Syowa Station were close
to the results at Reeves Neves (1200 m a.s.l.) reported
by Pirazzini et al. (2000). Compared to the satellite re-
sults by Pavolonis and Key (2003), a good coincidence
was seen with ISCCP-derived data set for the present
shortwave cloud forcing, while a coincidence was
seen with APP-x data set for the longwave. Radiative
forcings in the present study represented those for costal
station near sea ice area.
5. Relation to ‘‘from dimming to brightening’’
There was no solid evidence as reported by Wild
et al. (2005) that global solar radiation decreasedR
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Fig. 8. Monthly mean cloud amount (a) and cloud radiative forcing (b) at Syowa Station, December 1998e2004.
22 T. Yamanouchi, Y. Shudou / Polar Science 1 (2007) 17e23from 1960s to around 1990 and then increased. Direct
result of radiation fluxes at Syowa Station during 1967
and 2004 was the downward trend in the global solar
radiation with an annual reduction rate of 0.02 W/
m2/yr, one order of magnitude smaller than the annual
reduction for Antarctica reported by Stanhill and
Cohen (2001) up to 1990s. A cloud amount does not
completely determine global solar radiation at the sur-
face. Other parameters such as atmospheric turbidity e
aerosol optical depth e or water vapor amount could
also affect the surface radiation. However, where
mean cloud amount is around seven or eight or more,
cloud amount has a primary impact on solar radiationYear
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Fig. 9. Monthly mean cloud amount (a) and cloud radiatat the surface. Variations of cloud amount at Syowa
showed a gradual increase, which should result in
global solar radiation decrease. So, both results of
long term observations suggested only dimming. In
the shorter term, from 1991 to 2004, global solar radi-
ation showed only an insignificant decrease, which is
not brightening as reported by Wild et al. (2005).
Only results in summer at Syowa showed brightening
with cloud decreasing.
There were no consistent trends of full data, cloud
amount, global solar radiation and downward longwave
radiation, as ‘‘from dimming to brightening’’ at Syowa
Station.(b)
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